Abstract
INTRODUCTION
Rectal neuroendocrine tumors (NETs) arise from enterochromaffin endocrine cells situated within intestinal crypts of Lieberkühn [1] , comprising 25% of gastrointestinal NETs with a 5-year overall survival of 88% [2, 3] . Despite the comparatively favorable prognosis, rectal NETs are rarely aggressive and distant metastasis is of clinical concern for treating rectal NETs. The clinical or histopathologic indicators for metastasis have been demonstrated including tumor size, muscularis propria invasion, lymphovascular invasion (LVI), mitotic rate, and Ki-67 labeling index in surgically resected specimens [4] [5] [6] [7] [8] [9] [10] [11] . Currently, because the majority of rectal NETs are small (66%-80% are ≤ 10 mm in diameter) and found incidentally during screening colonoscopy [12] [13] [14] [15] [16] , endoscopic resection techniques including endoscopic submucosal resection with ligation (ESMR-L) and endoscopic submucosal dissection (ESD) are applied to treat rectal NETs. ESMR-L and ESD have shown better outcomes in terms of complete resection of rectal NETs when compared with conventional endoscopic mucosal resection [17] [18] [19] [20] [21] . However, it is not known which procedure is more feasible for small rectal NETs or for which clinicopathological factors different results will be achieved. Rectal NETs ≤ 10 mm in diameter, confined to the mucosal or submucosal layer, and without LVI can be treated with endoscopic resection [10, 18, [22] [23] [24] [25] [26] [27] [28] [29] .
Unexpectedly, lymph node metastasis occurs in 3% of tumors with a diameter of ≤ 10 mm [30] . Given that LVI, as shown by the presence of tumor cells in blood vessels and/or lymphatic channels, is a high risk factor for distant or nodal metastasis and is a poor prognostic factor, LVI should be histologically assessed in specimens obtained by endoscopic resection. Histologically, rectal NETs are composed of cells with a mixed growth pattern with trabeculae or acini of uniform cells separated by delicate and vascular stroma, which allows for easy recognition. However, marked tumor retraction from the surrounding fibrotic stroma may incorrectly give the false impression that LVI is present [1] . Although this retraction artifact should be accurately histologically distinguished from true lymphatic or vascular invasion, identification of true LVI is not always straightforward on routine hematoxylin and eosin (H&E)-stained slides. Recently, ancillary immunohistochemical staining [D2-40, CD34, CD31, and Elastica van Gieson (EVG)] in addition to H&E histologic examination has been used to evaluate LVI in rectal NETs [31] [32] [33] . Through these methods, the high frequency of LVI has been noted in endoscopically resected small rectal NETs [32, 33] . However, whether the increased detection rate between H&E and ancillary studies is statistically significant has not been determined.
In the present study, we used 2 methods, H&E and ancillary immunohistochemical staining (D2-40 and EVG), to compare the detected rate of LVI in 104 endoscopically resected small rectal NET specimens and to determine the clinical impact of LVI. In addition, we evaluated differences in the LVI detection rate between endoscopic procedures and prognosis of small rectal NETs with LVI.
MATERIALS AND METHODS
Between June 2005 and December 2015, 138 patients with 139 tumors were diagnosed with rectal NET at Hallym University Sacred Heart Hospital in Anyang, Korea. Endoscopic gross tumor size ≤ 10 mm and absence of lymph node involvement or distant metastasis on the abdominal CT were the indications for endoscopic resection. The study inclusion criteria for small rectal NETs were as follows: (1) a tumor ≤ 10 mm, in diameter histologically; (2) a tumor within 15 cm of the anus; (3) no metastasis to lymph nodes or distal organs detected on abdominal computed tomography; and (4) a tumor resected in our institution for the first time. Therefore, the following cases were excluded from this analysis: 2 patients who underwent radical surgical excision with lymph node dissection owing to large tumor (3 cm and 5 cm), 4 who underwent transanal resection based on the decision of the outpatient clinic surgeon regardless of size, 7 who underwent additional transanal resection after incomplete endoscopic resection at other clinics, 12 who did not undergo additional treatment after diagnosis, 4 who were treated at other clinics, 4 who could not be evaluated for LVI owing to an insufficient specimen, and 2 with endoscopically resected tumors exceeding 1 cm (1.2 cm and 1.7 cm). As a result, 103 patients with 104 rectal NETs were included in this study; the related medical records were reviewed retrospectively. This study was conducted with the approval of the ethics committee of Hallym University Sacred Heart Hospital in Anyang, Korea. The study was carried out in accordance with the recommendations of the Declaration of Helsinki.
Methods of endoscopic resection
Three techniques were used with a single-channel scope (GIF-H260, Olympus Medical Systems Corp.) and an electrosurgical unit (ERBE VIO 300 D, ERBE Elektromedizin GmbH) after lifting the tumor with a submucosal injection of hypertonic saline solution mixed with a small amount of indigo-carmine and diluted epinephrine (1:10000). These included (1) endoscopic mucosal resection (EMR: conventional snare polypectomy); (2) ESMR-L, Figure 1A -D: Tumor was aspirated into ligator device and followed by deployment of the elastic band; Conventional snare polypectomy done below the band; and (3) endoscopic submucosal resection (ESD; Figure 1E -H): after mucosal incision along outer border of the tumor; submucosal dissection was performed below the tumor with Dual Knife (Electrosurgical Knife ; Olympus).
Histological evaluation and immunohistochemistry
The 104 endoscopically resected cases were serially sectioned and entirely embedded for histological evaluation. H&E-stained slides from all cases were reviewed by 2 pathologists (MJK and ESN) using a multi-headed microscope. Histological evaluation including tumor size, depth of invasion, lymphatic or vascular invasion, resection margin status, mitotic count, and tumor grade was re-performed using the H&E-stained slides from the time of initial diagnosis. The immunohistochemical (Ki-67, D2-40) and histochemical (EVG) staining and re-evaluation were performed in this study. The pathological grading system of the World Health Organization 2010 criteria for tumors of the digestive system was used for classification of rectal NETs [34] . At least 500 tumor cells were counted to determine the percentage of cells that were positive for Ki-67. Mitotic rates on H&E stain were counted in 50 high power fields (HPFs) (40 × objective, 10 × eyepiece with a field diameter of 0.55 mm and an area of 0.237 mm 2 ; Olympus microscope BX43, Tokyo, Japan), and the mean mitotic count was calculated as the number of mitoses/10 HPFs [35] . The tumors were classified into G1 (a mitotic count of less than 2 per 10 high-power fields and/or < 3% Ki-67) and G2 (a mitotic count of 2-20 per 10 highpower fields and/or 3%-20% Ki-67) according to the WHO 2010 classification and the North American Neuroendocrine Tumor Society guidelines [36] . The resection margin was examined microscopically and its status determined on the basis of the general criteria for cancer involvement in a resection margin ( Figure 1I -M). The completeness of resection was classified according to the extension of tumor cells into the resection margin: (1) complete (R0) resection, in which the lateral and vertical resection margins were free of tumor; (2) microscopically incomplete (R1) resection, in which the tumor extended into the lateral or vertical resection margin; and (3) macroscopically incomplete (R2) resection, in which the tumor could not be completely resected according to its endoscopic aspects. The distance between the tumor deepest margin and the endoscopic vertical resection margin was also measured and defined as the "safety resection margin" ( Figure 1I and J). The involvement of tumor cells in the resection margin was also confirmed by positive synaptophysin to rule out a squeezing artifact of fibro-connective tissue. D2-40-stained slides were assessed for lymphatic invasion. A tumor in which a lymphatic vessel showed positive staining of endothelium for D2-40 and surrounded the tumor cells was diagnosed as positive for lymphatic invasion [37] . Venous invasion in H&E sections was defined as a tumor deposit in a space surrounded by a rim of smooth muscle and/or
The tissue sections were then incubated with a chromogendiaminobenzidine (ultraView Universal DAB Kit, Ventana Medical System) and counterstained with hematoxylin.
LVI was assessed using H&E, immunohistochemical, and histochemical stained sections (D2-40 and EVG) individually. The presence of tumor cells within vascular spaces (i.e., lymphatics or small capillaries) surrounding tumors was considered LVI. Furthermore, LVI was divided into lymphatic invasion and vascular invasion depending on the presence or absence of vascular wall smooth muscle on H&E evaluation. The number of the cases positive and negative for lymphatic and vascular invasion, and LVI, was compared among the different staining procedures.
Patient follow-up
The first follow-up was done 6 mo after endoscopic containing red blood corpuscles. Venous invasion in the EVG-stained sections was defined as tumor cells observed in a vein with EVG-stained elastic lamina [38] . Ancillary staining methods are shown in Figure 2 .
Immunohistochemical staining was performed on 4-μm-thick formalin-fixed, paraffin-embedded tumor tissue sections using the BenchMark XT automated tissue staining system (Ventana Medical Systems, Inc., Tucson, AZ, United States) according to the manufacturer's instructions, as described previously. The primary antibodies used were D2-40 (1:100; Dako, Glostrup, Denmark), Ki-67 (1:250, clone MIB-1, Dako), CD31 (1:400, JC/70A, Thermofisher), and synaptophysin (1:2, SP11, Ventana Medical Systems). Each was used in a 40 min incubation at 37 ℃; slides were then incubated with a secondary antibody (universal horseradish peroxidase (HRP) Multimer; Ventana Medical System) for 8 min at 37 ℃. 
Data analysis and statistics

RESULTS
Clinicopathological characteristics
A total of 104 cases (66 men and 37 women) with a median age of 47 years (range: 21-80 years) were included in this study. Tumors located in the rectum were an average of 8 cm away from the anal verge. Six Three patients underwent additional surgery owing to the presence of LVI in our primary histologic reports before this study; among them, 1 patient had lymph node metastasis. This 21-year-old man's histologic evaluation showed a 5 mm tumor size, a Ki 67 index < 3%, and < 2 mitoses 10 HPFs; however, the vertical margin and lymphatic invasion were positive on the ESD specimen. There were no tumor-related deaths; 2 patients died from other causes. Kaplan-Meier analysis showed that the 5-year overall survival rate was 99%. The patient characteristics are summarized in Table 1 .
Comparisons of the detection frequencies of lymphatic invasion, vascular invasion, and LVI between D2-40 and EVG stains and H&E histological evaluation
Of the 104 specimens examined by H&E, 22 (21.2%) of the tumors were considered to have lymphatic invasion. Conversely, 15 (14.4%) tumors had lymphatic invasion detectable by D2-40. Ancillary staining including D2-40 allowed us to observe 7 lymphatic invasions (8.5%, 7/82) that were not initially detected using H&E. However, the increase of 6.8% compared with H&E was not statistically significant (P = 0.189).
Vascular invasion was detected in 11 (10.6%) of 104 NETs by H&E, whereas it was identified in 16 (15.4%) of 104 tumors by EVG. The detected percentage increased from 10.6% by H&E up to 15.4% by EVG. However, the difference in detection rates was not statistically significant between H&E and EVG (P = 0.227).
As a whole, the presence of LVI was considered positive in 26 (25.0%) of 104 tumors by H&E, and 29 (27.9%) of 104 tumors by ancillary studies. The concordance rate between H&E and ancillary studies was 81.7% for detection of LVI, which showed statistically strong agreement between two methods (κ = 0.531, P < 0.001). D2-40 and EVG staining enhanced LVI detection by 2.9% compared with H&E, however that difference that was not statistically significant (P = 0.648). LVI as assessed by H&E and immunohistochemical or histochemical procedures (D2-40 and EVG) are shown in Table 2 and Figure 3 .
In 19 cases analysis for the presence of LVI using H&E did not match ancillary studies. LVI detected with H&E in 8 cases was not observed in ancillary studies. In addition, 11 cases negative for LVI using H&E were considered positive in ancillary studies. Immunostaining with CD31 and CD34 were performed on the discordant cases. Evaluation with CD31 indicated LVI was absent in the 8 cases detected with H&E, and present in the 11 cases that tested negative with H&E. However, CD34 stained in the delicate fibrovascular connective tissue of all 19 NET cases, of which nonspecific staining could not be interpreted as LVI positivity.
Predictive factors for LVI based on H&E or D2-40 and EVG
Based on the comparative results between H&E and D2-40 and EVG, the results of LVI assessed by D2-40 and EVG showed statistical associations with more numbers of clinicopathological variables of NETs than H&E did. LVI assessed by D2-40 and EVG was significantly associated with tumor size, tumor grade, and mitotic count (P = 0.007, P = 0.006, and P = 0.005, respectively). LVI-positive cases were frequently detected in tumors that were > 5 mm, grade 2, and had a mitotic count ≥ 2. In addition, the mean Ki-67 labeling index and mean mitotic count were higher in tumors with LVI (1.54 ± 1.13 and 0.82 ± 0.88, respectively) than in tumors without LVI (1.03 ± 0.97 and 0.32 ± 0.97, respectively) (P = 0.023 and P = 0.001, respectively). There were no significant differences in LVI between patient's age (P = 0.847), gender (P = 0.650), tumor distance from anal verge (P = 0.412), or depth of tumor invasion (P = 0.558). The predictive parameters of LVI based on H&E or Table 2 . Unlike D2-40 and EVG, analysis of LVI by H&E was only associated with tumor size (P = 0.038). The results of analysis of LVI using H&E were not related to tumor grade (P = 1.000), Ki-67 labeling index (P = 0.627), and mitotic count/10HPFs (P = 0.357). Analysis of tumor size and grade for prediction of LVI by multivariate analysis indicated that tumor grade was the only independent predictive factor for LVI in small rectal NET patients treated with endoscopic resection (Table 3) . Tumors classified as grade 2 were more likely to have LVI than grade 1 tumors (P = 0.015, hazard ratio = 4.095, 95%CI: 1.321-12.692).
Correlations of LVI, tumor size, margin status, and safety margin between ESMR-L and ESD
We further investigated the possible differences in frequency of detectable LVI, tumor size, resection outcome, and safety margin between ESMR-L and ESD ( size, and resection outcome status between the 2 endoscopic resection methods (P = 0.955, P = 0.192, and P = 0.504, respectively). Conversely, the vertical safety margin was significantly larger in ESMR-L than ESD (725 ± 872 μm vs 322 ± 348 μm, respectively, P = 0.002). The more successful safety margin was achieved in ESMR-L than in ESD.
DISCUSSION
The purpose of the present study was to investigate the frequency, risk factors and prognosis of LVI in endoscopically resected small rectal NETs ≤ 1 cm in size, and to compare the therapeutic outcome achieved with ESMR-L and ESD. We have shown that LVI was relatively common in small rectal NETs, with 27.9% exhibiting LVI. Although ancillary studies increased the detection rate of LVI, careful H&E examination was still a reliable method showing high concordance with D2-40 and EVG staining. LVI was associated with large tumor size (> 5 mm), tumor grade 2, and higher mitotic count (≥ 2). Among those factors, tumor grade 2 was the only independent predictive factor for the presence of LVI. No recurrence was observed in patients with small rectal NETs ≤ 1 cm, regardless of the presence of LVI.
Only a few studies have investigated the frequency, risk factors, and prognostic significance of pathologically proven LVI in rectal NETs ≤ 1 cm in size after endoscopic resection [32, 33] . Prevalence of LVI in rectal NETs is 0-20% by H&E examination [17, 19, 24, 25, 32, 39] . Immunohistochemical analysis is not currently recommended for routine use to identify LVI in NETs. However, for accurate and reliable diagnosis of LVI, we applied additional staining using D2-40 and EVG to confirm the presence of LVI after H&E examination.
Staining of elastic tissue during microscopic assessment has been proposed as being a more sensitive means of revealing venous invasion within the tumor [38] . D2-40 is the best selective immunohistochemical marker for staining lymphatic endothelium [37] . In the present study, LVI was identified in 29 (27.9%) of 104 tumors by D2-40 and EVG, and 26 (25.0%) of 104 tumors by H&E. Although staining with D2-40 and EVG raised the detection rate of LVI by 2.9%, the difference was not statistically significant. Rather, H&E showed a high concordance rate with ancillary studies (81.7%).
There have been only two studies of D2-40 and EVG staining for identification of LVI [32, 33] . Those studies also reported a high frequency of LVI (46.7% and 22.4%) in endoscopically resected small rectal NETs [32, 33] . Taken together with our study, the frequency of LVI appears to be high in even small NETs. However, in those studies, the detection rate for LVI using H&E staining alone was much lower (1.1% and 10.2%) than the rate detected with D2-40 and EVG staining [32, 33] . The wide range of frequencies reported may be due to difficulties evaluating LVI H&E-stained sections due to retraction artifacts in the tumor. We also had 19 results (18.3%) in which the results of H&E and ancillary staining were discordant. The absence of D2-40 and EVG in 8 (42.1%) out of the 19 discordant cases was also confirmed by the absence of CD31 staining, which indicated a retraction artifact from the surrounding fibrotic stroma. Although the immunohistochemical and/or special staining used in our study was not demonstrated as a statistically significant indicator for the identification of LVI, the ancillary studies may be of help to differentiate retraction artifacts. The high concordance rate in our study between H&E and ancillary studies may be because two pathologists carefully re-evaluated H&E-stained slides from all cases and discussed the findings of LVI using a multi-headed microscope. The previous studies did not describe the number of pathologist participating in slide review [32, 33] . The metastatic potential and aggressive behavior of a rectal NET are generally proportional to tumor size [30] . A close relationship has been noted between tumor size or LVI and risk of metastasis even in small rectal NETs. LVI-positive tumors have significantly larger tumor size (median 5 mm) than those without LVI (median 4 mm) [32] . The metastasis rate of early stage rectal NETs (10 mm or less in size) was 9.7% (58/595) [2] . Three tumors (25%) out of 12 with lymph node metastasis were less than 10 mm [5] . In our study, LVI was frequently detected in tumor size > 5 mm in univariate analysis. However, the multivariate analysis failed to demonstrate the correlation between tumor size and LVI. LVI was also associated with tumor grade 2 and increased mitotic count (≥ 2). Tumor grade 2 was the only independent predictive factor for the presence of LVI. The majority of small rectal NETs are NET G1 (97.6%-100%) [8, 25, 32, 33, 39, 40] . Few studies have demonstrated a correlation between LVI and grade 2 in small rectal NETs, although NETs G1 and G2 exhibit significant differences in patient survival. The present study included 16 NETs classified as G2 (15% [23] . In the present study, an excellent prognosis was found in the small rectal NETs. There was no recurrence or metastasis in patients with LVI during follow-up periods of 28.8 mo in our study. Similarly, no metastasis or recurrence has been reported in the small rectal NETs with LVI but without additional surgery over the 5 years median followup period [32, 33] . Furthermore, recurrences have not been observed following the removal of tumors 20 mm in size and positive for LVI, but not in any tumors < 20 mm, even if they were positive for LVI during a 10-year period [39] . In contrast, a delayed localized recurrence has been unexpectedly reported 23 years after endoscopic resection of 4 mm sized rectal G1 NET [41] , and the size of a lymph node metastasis has remained unchanged during 7 years of follow-up [42] , suggesting that the metastatic lymph node growth rate may be extremely low in some cases. However, there are no definite guidelines for regular follow-up of LVI-positive small rectal NETs [10, 27] . While small rectal NETs seem to have a favorable short-term prognosis, the long-term prognosis may be difficult to determine.
Complete resection of rectal NETs is difficult to achieve with conventional endoscopic resection techniques because these tumors often extend into the submucosa. We found that ESMR-L (725 ± 872 μm) showed a larger safety resection margin than ESD (725 ± 872 μm vs 322 ± 348 μm) despite similar rates of complete resection between two methods (ESMR-L 87.7% and ESD 82.9%). It may be that ESMR-L gets more submucosal tissue below NETs because submucosal aspiration is done by negative pressure. The short procedure time of ESMR-L may result in a smaller coagulation effect in the submucosa than ESD [21] . We found that there was no statistical difference in LVI detection rates between two endoscopic methods. The subsequent surgical resection with lymph node dissection for small rectal NETs with LVI after endoscopic resection has no worldwide accepted consensus. This study showed excellent outcomes of endoscopic resection with LVI. After endoscopic resection is completely achieved through ESMR-L and ESD, close follow-up should be pursued in cases with LVI [23] . The approximately 3-year follow-up period may be a limitation of our study. Nevertheless, some significant findings emerged from our results. The present study demonstrated that LVI in small rectal NETs may be high, and that this may not be associated with lymph node metastasis or recurrence in small rectal NETs (≤ 1 cm) during a 3 year-follow up period. Application of ancillary studies may be help differentiate retraction artifacts from true LVI, which may contribute to a close association with clinicopathological characteristics of rectal NETs.
Small rectal NETs have a favorable prognosis and successful outcomes following endoscopic resection. However, a low but real risk of metastasis remains, as in our results, and there are several cases of recurrence during long-term observation. Therefore, careful histologic examination for LVI and prospective studies with long-term follow up are needed to determine the natural course of small, endoscopically resected rectal NETs.
COMMENTS
Background
Rectal neuroendocrine tumors (NETs) arise from enterochromaffin endocrine cells and are found incidentally during sigmoidoscopy or colonoscopy. On endoscopy, they typically appear as sessile, subepithelial tumors covered with yellow, discolored epithelium. Rectal NETs ≤ 10 mm in diameter, within the mucosal or submucosal layer, can be treated with endoscopic resection and have a good prognosis. However, lymphovascular invasion (LVI), a well-established risk factor for lymph node metastasis, is often found in endoscopically resected specimens, and there are no definite guidelines about these cases. Therefore, the authors investigated the frequency and prognostic significance of LVI in small, endoscopically resected rectal NETs.
Research frontiers
Immunohistochemical analysis is not currently recommended for routine use to identify LVI in NETs. However, for accurate and reliable diagnosis of LVI, the authors undertook additional immunohistochemical staining using D2-40 and Elastica van Gieson staining to confirm the presence of LVI.
Innovations and breakthroughs
The authors observed LVI rates of 25% and 27.9%, higher than previously reported, through hematoxylin and eosin (H&E) and additional immunohistochemical staining. On the other hand, LVI was not associated with lymph node metastasis or recurrence in small rectal NETs (≤ 1 cm) during a 3 yearfollow up period.
Applications
After endoscopic resection of rectal NETs, even in small tumors (≤ 10 mm), careful histologic examination for LVI is needed. Furthermore, longterm prospective studies are required to determine the natural course of endoscopically resected rectal NETs.
Peer-review
In this article, the authors analyzed the frequency of LVI in endoscopically resected small rectal NETs by precise methods and compared these results
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